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Abstract Paragraph Left (1): 

A method and apparatus using a simplified language consistent with air traffic 
control syntax for inputting, displaying and controlling the operation of a flight 
management system of an aircraft to comply with the instructions received by the 
pilot from the air traffic controller. 

Brief Summary Paragraph Right (2) : 

This invention relates to avionics management and more particularly to utilizing a 
control language consistent with air traffic control syntax to quickly and 
accur'ately command various control functions on an aircraft in accordance with 
commands from air traffic control. 

Brief Summary Paragraph Right (4 ) : 

Current flight management systems utilize a computer keyboard for programming 
various desired operations in an aircraft . For example, if an aircraft is 
progressing along a predetermined flight path and receives instructions from the air 
traffic controller to change course, go to a location and establish a holding 
pattern there, the pilot will have to figure out how to program the flight 
management computer in order to accomplish the command. As one example, assume the 
controller gave the instruction in air traffic control syntax "hold at 25 miles SW 
of SRP with right hand turns having 2 minute legs" meaning the pilot should program 
the computer to change heading and proceed to a point 25 miles south west of a 
waypoint identified as SRP and establish a holding pattern there in the form of a 
rectangular right handed flight path having lateral legs 2 minutes' in length. 
According to the instructions found in the "FMZ series Flight Management 
System--Pilot's Operating Manual — Business and Commuter Aviation Systems" the pilot 
should figure out the following commands for use by the computer: 

Brief Summary Paragraph Right (5) : 

As can be seen, this is a very complicated set of keyboard strokes which may take 
considerable time to execute. Also, the end result is not readily recognizable or 
understandable as the instructions sent by the air traffic controller. When, as is 
common, the control display unit with monitor and keyboard is located at a "head 
down" position, the pilot must take his eyes away from the airspace in front in 
order to program the computer . Because of these difficulties, the execution of the 
command is difficult to learn and considerably time consuming. 

Brief Summary Paragraph Right (6): 

The present invention establishes a simplified language which is recognizable m the 
form of air traffic control syntax for use in accomplishing a complex set of 
instructions in a simple and rapid manner. While the number of possible instructions 
which a pilot may receive is very large, nearly all of them can be split into a 
relatively small number of sub instructions falling into "action", "target" and 
"parameter" categories. "Actions" may be thought of as verbs (go, follow, select 
etc.), and prepositions { to, between, from, above etc.). "Targets" may be thought 
of as nouns {fuel, distance, temperature, airspeed, altitude, heading, plan, etc.). 
"Parameters" are the units of some of the nouns (pounds, miles, degrees Celsius 
etc.). Sentences made up of these commands resemble the syntax used by air traffic 
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controllers as found in the Air Traffic Control Manual "Air Traffic Controllers 
Handbook--FAA Document 7110.65" As such, they are much easier for the pilot to use 
and understand. If, for example a simple instruction required the pilot to change 
his altitude, or change his heading, etc. the simplified command "TO" can be 
understood by computer to indicate that a change in one of the aircraft variables is 
to follow. After pushing the action command "TO" button on the control panel in 
front of him, (preferably in a "head up" area such as the "glare shield" area at the 
bottom of the windshield) , the word "TO" is displayed on a display located on the 
control panel (or on the navigation display. ) . Subsequently, a second command can be 
entered which may be a noun such as a new altitude, new heading, new speed etc. If 
necessary, a parameter command may be also added such as feet, degrees, knots etc. 
The second, and subsequent commands selected by the pilot are added to the "TO" 
displayed on a monitor so that a display of the overall desired action is shown 
"TO-25, 000-FEET" . When the pilot is satisfied from the monitor that the desired 
commands are correct and of the proper air traffic control syntax, he may activate 
the execute command and the Flight Management Computer, which will be programmed to 
recognize the proper syntax, will begin to operate on these commands and produce 
outputs which will cause the desired maneuver to be accomplished. In the above 
complex example, the set of instructions may be simplified to: 

Brief Summary Paragraph Left (1) ; 

At this time, the monitor will display 

"TO-HOLD-AT-25-MI-SW-FROM-SRP-WITH-RIGHT-TURN-AND-2-MN-LEGS". It is seen that this 
is almost the way the air traffic controller would state it and is clearly 
understandable without a great deal of study. The pilot reading this and determining 
that it exp'resses the desired course of action now selects "GO" or "EXECUTE" (action 
which causes the computer to execute the program) . 

Brief Summary Paragraph Left (2) : 

At this time the computer would understand that the aircraft is to go to 25 miles 
south west of SRP. 

Brief Summary Paragraph Left (3) : 

At which time the computer would know that upon reaching the specified location, it 
should go to a holding pattern of the desired configuration. 

Brief Summary Paragraph Type 1 (4) : 

Select Show waypoint rqhnw.q waypoint on n a oftAuaaj^i im^displaY) ^ 
Brief Summary Paragraph Type 1 (51) : 

Select LEGS, (target instructing the aircraft to follow the length of the pattern 
for two minutes before turning) . 

Drawing Description Paragraph Right (2) : 

FIG. 2 shows a presently existing Navigation Display with several additions for use 
with the present invention; and. 

Detailed Description Paragraph Right (1) : 

FIG, 1 shows one configuration for a control panel 10, which may be located on the 
top of the presently existing controls of an aircraft in a center section of the 
windshield known as the "glare shield". The control panel 10 is shown having six 
major sections: the "speed" section 12, the "action" section 13, the " display " 
section 14, the "heading" section 15, the "altitude" section 16 and the "vertical 
speed" (V/S) section 17. Sections 13 and 14 contain some of the features provided by 
the present invention while sections 12, 15, 16 and 17 are substantially the same as 
presently exist on some aircraft . 

Detailed Description Paragraph Right (2) : 

The "speed" section 12 contains 7 push buttons for related targets: "AIR" meaning 
"airspeed" "GRND" meaning "ground speed" "KTS" meaning "knots", meaning "mach" ZULU 
meaning "Greenwich mean time", "LOCAL" meaning "local time" and "AUTO" which, when 
activated, causes the values to be determined automatically (as based on the current 
flight plan) . Section 12 also contains a knob 30 which is used to set the speed 
related target values that are desired. 
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Detailed Description Paragraph Right (3) : 

The "action" section 13 contains 16 push buttons with the most common of the various 
actions that may be desired. (These and other less common actions may be listed in a 
pull down menu on the Navigation Display as will be described below) . The 16 push 
buttons invoke words which can be used in sentences to explain a desired command. In 
the example given above, action words "TO", "AT", "FROM" "AND" and "GO" were used. 
Other commands may involve other combinations of buttons in Section 14 and other 
commands located elsewhere in the system as on the Navigation Display and Keyboard 
to be described below. 



Detailed Description Paragraph Right (4 ) : 

■^he " display " section 14 contains a display area 40 which shows, at the top, the 
commands being executed by the aircraft at the present time under areas titled 
"TIME" (when a time related target is selected) or "SPEED" (when a speed related 
target is selected), "HDG", "ALT" and "FPA" (when a flight path angle target is 
selected) or "V/S" (when a vertical speed related target is selected) and at the 
bottom, two areas titled "LAST" and "NEXT" respectively to show the last commands 
entered and to show the new commands as they are entered. It is seen that the "NEXT" 
area of the lower section reads: "TO HOLD AT 25 MI SW FROM SRP WITH RIGHT TURN AND 2 
MIN LEG", which is the command of the example above. 

Detailed Description Paragraph Right (5) : 

The "heading" section 15, contains 5 more push buttons labeled: HDG meaning 
"heading", CRS meaning "course", V meaning "vector" J meaning "jetway" and AUTO 
which when activated causes the heading to be determined automatically (as based on 
the current flight plan), and a knob 46 which is used to set the desired lateral 
target value. 

Detailed Description Paragraph Right (6) : 

The "altitude" section 16 contains three push buttons labeled: "FEET", indicating 
the altitude in feet, "FL" indicating "flight level" and AUTO which when activated 
causes the altitude to be determined automatically (as based on the current flight 
plan) . There is also a "PLAN" push button shared by the "heading" section 15 and the 
"altitude" section 16. The PLAN button, when activated, causes both the altitude and 
heading to be determined automatically (as based on the current flight plan) . A knob 
48 in "altitude" section 16 is used to set the desired vertical target value. 

Detailed Description Paragraph Right (7) : 

The "vertical speed" V/S section 17 contains two push buttons labeled "V/S" 
(vertical speed) and "FPA" (flight path angle) and a knurled knob 50 for changing 
the vertical velocity target. 

Detailed Description Paragraph Right (9) : 

Referring to FIG. 2, a partly standard navigation display 100 is shown having a 
semicircular dial 102 for showing the present heading by the position of a small 
square area 104 at the top and a map section 106 showing the path of the aircraft 
and the locations of various waypoints such as a dot 108 which might represent the 

waypoint SRP. In addition there are 6 ", ^J} , ^£ h^i^ t ^.P-J^ s wh i ch hav e been added for 

use with the present invention. The first is an "ACTION" button in the upper left 
portion of the display 100, which, when activated, produces a menu on the display 
showing a complete list of the various action categories available. A comprehensive 
list of such actions reads as follows: 

Detailed Description Paragraph Right (16) : 

The fifth button is labeled "CLEAR" and, when activated, clears the display of the 
commands that appear there. 

Detailed Description Paragraph Right (17) : 

The sixth button is labeled "GO" and, when activated, causes the computer to begin 
■operating on the displayed commands as was the case with the "GO" button in FIG. 1. 

Detailed Description Paragraph Right (18): 

At the bottom of the display 100 are two long sections labeled "LAST" and "NEXT" for 
displaying the commands in a manner like that described in display 4 0 of FIG. 1. The 
"LAST" section displays the last set of commands entered into the system and the 
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"NEXT" section displays the next set of commands to be entered into the system. As 
can be seen, the "NEXT" section is displaying "TO HOLD AT 25 MI SW FROM SRP WITH 
RIGHT TURN AND 2 MIN LEG" which is the command of the example above. 

Detailed Description Paragraph Right (19) : 

Any one of the items in the pull down menus set forth above, may be highlighted by 
the pilot and entered onto the displays 40 of FIG. 1 and 100 of FIG. 2 for building 
a command string. When the desired string is displayed, the pilot activates the "GO" 
button in section 14 of FIG. 1 or the "GO" button in FIG. 2 to cause the computer to 
execute the next commands. 

Detailed Description Paragraph Right (20) : 

In addition to the control panel 10 and the display 100, there may be other mea ns to 
enter data for display on the monitors and to be entered into tne computer . A 
j£g y bjo aj^^s^jxsuaJLl a s s o c i a t e d w i t h a flight management system and may be usejLJj3 
inake_enj:jr44S . Voice comma rii^s ' are "pors'S'rd^S^'ffip an"d~^pT>'exTsTing commands 'built in 
to^J^i^^^lii ^iJL^pl an^m^ a lso be^di^splaj^d and to the compji.ter . It may be 

possible for the air trattic cofft^'oTIlf^fo^Srr'ectl input data into the system. 
Accordingly, the use of the control panel and the heading display herein is to be 
considered exemplary and not limiting to the invention. 

Detailed Description Paragraph Right (21) : 

FIG. 3 shows a block diagram of a system 200 for use with the present invention. In 
FIG. 3, threeJN[NPOT^^^^ 204 a nd 206 are shown which may represent the 

inputs f rofT'conH^oy^pan^ l07''THl''''^r^vi'^r^ 100 and other input devices 

such as a keyboard and voice command respectively. The inputs boxes are connected to 
the Flight Management Computer (FMS) 210 by connections 212, 214 and 216 
respectively. fflS^CQmp.atB.r_ 2J,Q_j^i y^^e^^ ognize t he' air traffic 

c o n t r o ll^rsyntaxinguts^^^ 

s?TTE**crn3"Trame'*'gramn^ in 
orders that can be interpreted by the flight guidance system. Such methods are well 
known in computer science and consist of restricted vocabularies, the words of which 
have predefined attributes, and rules for their combination. The outputs of the FMS 
computer are shown as an arrow 218 connected to the aircraft controls shown 
generally as a box 220. If the syntax is incorrect, the FMS computer will inform the 
pilot with a warning to the monitors indicating an error via a feedback line shown 
as arrow 222. 

Detailed Description Paragraph Right (22) : 

It is thus seen that we have provided an improved way of controlling an aircraft in 
accordance with a language resembling the air traffic control syntax so as to enable 
the pilot to comply with required changes in flight plan in a simple and more rapid 
manner. Many changes will occur to those having skill in the art, as for example, 
use of different specific action, target and parameter nomenclature, different 
arrangements of the buttons, different ways of activating the displays and the 
computer and different arrangements of the displays and other components. We 
therefore do not wish to be limited to the specific disclosures used in connection 
with the description of the preferred embodiments. 

Other Reference Publication (1) : 

Honeywell Publication "FMZ series Flight Management System — Pilot's Operating 
Manual — Business and Commuter Aviation Systems", Version 02, Section V-B (Navigation 
(NAV) Index, pp. B-1 through B-26. 

CLAIMS : 

1. Apparatus for use with an aircraft having aircraft controls to produce desired 
aircraft maneuvers and a flight management computer to provide inputs to the 
aircraft controls, comprising: 

a plurality of input members each operable to provide an "action" command to the 
computer, 

a plurality of input members each operable to provide a "target" command to the 
computer : 
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a plurality of input members each operable to provide a "parameter" command to the 
computer, 

wherein said computer is programmed to recognize the "action" "target", and 
"parameter" commands from said input members and to specify how the "action", 
"target", and "parameter" commands are to be interpreted by the aircraft controls; 

^ display for showing "action", "target" and "parameter" commands in the order in 
which they were entered; and, 

a command input member operable to cause the computer to operate in accordance with 
the commands displayed and to provide an output that can be interpreted by the 
aircraft controls to produce a desired maneuver, wherein the "action" commands 
available to be displayed include a majority of the following: 

AFTER 

BEFORE 

COPY 

FROM 

REPORT 

START 

UNTIL 

AND 

BELOW 

ENTER 

INHIBIT 

REQUEST 

THEN 

UPDATE 

AT 

BETWEEN 

FOLLOW 

OF 

SELECT 

TO 

VIA 

ABOVE 

AVOID 

CLEAR 

FOR 
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ON 

SHOW 
UNDO 
WHEN. 

2. Apparatus for use with an aircraft having aircraft controls to produce desired 
aircraft maneuvers and a flight management computer to provide inputs to the 
aircraft controls, comprising: 

a plurality of input members each operable to provide an "action" command to the 
computer : 

a plurality of input members each operable to provide a "target" command to the 
computer ; 

a plurality of input members each operable to provide a "parameter" command to the 
computer ; 

wherein said computer is programmed to recognize the "action", "target", and 
"parameter" commands from said input members and to specify how the "action", 
"target", and "parameter" commands are to be interpreted by the aircraft controls; 

a display for showing "action", "target" and "parameter" commands in the order in 
which they were entered; and, 

a command input member operable to cause the computer to operate in accordance with 
the commands displayed and to provide an output that can be interpreted by the 
aircraft controls to produce a desired maneuver, wherein the "target" commands 
available to be displayed include a majority of the following: 

ACCELEE^TION ALTITUDE 

ALTITUDE 

ANGLE 

BEST 

CLIMB 

CLIMB ANGLE 
CONSTRAINT 
CRUISE-CLIMB 
END OF DESCENT 
ENGINE OUT 
FEET 

FLIGHT LEVEL 
LEVEL 

MAX CLIMB ANGLE 

PROFILE 

SID 
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STEP POINT 
STEP SIZE 
TAKEOFF 

THRUST REDUCTION ALTITUDE 
TOP OF CLIMB 
TOP OF DESCENT 
TRANSITION ALTITUDE 
WIND 

3D VOLUME 
4D VOLUME 
ABEAM POINT 
AIRPORT 
AIRWAY 
ALTERNATE 
APPROACH 
ARC 

BEARING 

BEST 

CIRCLE 

COMPANY ROUTE 

COURSE 

CRUISE 

DESTINATION 

DIRECTION 

DISCONTINUITY 

DISTANCE 

END OF DESCENT 

ENTRY 

EVEN 

FIX 

GATE 
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GO AROUND 

HEADING 

HOLD 

INBOUND 

INTERSECTION 

LATITUDE 

LEGS 

LONGITUDE 

MISSED APPROACH 

NAVAID 

ODD 

OFFSET 

OUTBOUND 

PATTERN 

PLAN 

POSITION 

POSITION REPORT 

RADIAL 

ROUTE 

RUNWAY 

RUNWAY EXTENSION 

SID 

STAR 

STEP POINT 
TAKEOFF 
THRESHOLD 
TOP OF CLIMB 
TOP OF DESCENT 
TRACK 
WAYPOINT 
WIND. 

3. Apparatus for use with an aircraft having aircraft controls to produce desired 
aircraft maneuvers and a flight management computer to provide inputs to the 
aircraft controls comprising: 
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a plurality of input members each operable to provide an "action" command to the 
computer ; 

a plurality of input members each operable to provide a "target" command to the 
computer ; 

a plurality of input members each operable to provide a "parameter" command to the 
computer ; 

wherein said computer is programmed to recognize the "action", "target", and 
"parameter" commands from said input members and to specify how the "action", 
"target", and "parameter" commands are to be interpreted by the aircraft controls; 

a display for showing "action", "target" and "parameter" commands in the order in 
which they were entered; and, 

a command input member operable to cause the computer to operate in accordance with 
the commands displayed and to provide an output that can be interpreted by the 
aircraft controls to produce a desired maneuver, wherein the "parameter" commands 
available to be displayed include a majority of the following: 

CIRCLING 

DEGREES 

DEGREES CELSIUS 
DEGREES FAHRENHEIT 
EAST 
FEET 

FLIGHT LEVEL 
HG 

HOURS 

KNOTS 

LATITUDE 

LEFT 

LOCAL 

LONG 

LONGITUDE 
MACH 
MILES 
MINUTES 

NAUTICAL MILES 

NORTH 

POUNDS 

QFE 
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QNH 

RIGHT 

SECONDS 

SHORT 

SOUTH 

STRAIGHT 

WEST 

ZULU. 

4. Apparatus for use with an aircraft having aircraft controls to produce desired 
aircraft maneuvers and a flight management computer to provide inputs to the 
aircraft controls, comprising: 

a plurality of input members each operable to provide an "action" command to the 
computer ; 

a plurality of input members each operable to provide a "target" command to the 
computer ; 

a plurality of input members each operable to provide a "parameter" command to the 
computer ; 

wherein said computer is programmed to recognize the "action", "target", and 
"parameter" commands from said input members and to specify how the "action", 
"target", and "parameter" commands are to be interpreted by the aircraft controls; 

a display for showing "action", "target" and "parameter" commands in the order in 
which they were entered; and, 

a command input member operable to cause the computer to operate in accordance with 

the commands displayed and to provide an output that can be interpreted by the 

aircraft controls to produce a desired maneuver, wherein the "action" commands 
available to be displayed include at least the "and", "at" and "then" commands from 
the following: 

AFTER 

BEFORE 

COPY 

FROM 

REPORT 

START 

UNTIL 

AND 

BELOW 

ENTER 

INHIBIT 
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REQUEST 
THEN 
UPDATE 
AT 

BETWEEN 

FOLLOW 

OF 

SELECT 

TO 

VIA 

ABOVE 

AVOID 

CLEAR 

FOR 

ON 

SHOW 
UNDO 
WHEN. 

5. Apparatus for use with an aircraft having aircraft controls to produce desired 
aircraft maneuvers and a flight management computer to provide inputs to the- 
aircraft controls, comprising: 

a plurality of input members each operable to provide an "action" command to the 
computer ; 

a plurality of input members each operable to provide a "target" command to the 
computer ; 

a plurality of input members each operable to provide a "parameter" command to the 
computer ; 

wherein said computer is programmed to recognize the "action", "target", and 
"parameter" commands from said input members and to specify how the "action", 
"target", and "parameter" commands are to be interpreted by the aircraft controls; 

a display for showing "action", "target" and "parameter" commands in the order in 
which they were entered; and, 

a command input member operable to cause the computer to operate in accordance with 
the commands displayed and to provide an output that can be interpreted by the 
aircraft controls to produce a desired maneuver, 

wherein the "action" commands available to be displayed include at least the "and", 
"at" and "then" commands from the following: 

AFTER 



11 ofl6 



3/15/02 2:02 PM 



' Record Display Form http://westb^s:8002^in/gate.exe?^^doc&J^_Message=&p_doccnt=l&p_doc_l=PTFKWI^ 



BEFORE 

COPY 

FROM 

REPORT 

START 

UNTIL 

AND 

BELOW 

ENTER 

INHIBIT 

REQUEST 

THEN 

UPDATE 

AT 

BETWEEN 

FOLLOW 

OF 

SELECT 

TO 

VIA 

ABOVE 

AVOID 

CLEAR 

FOR 

ON 

SHOW 
UNDO 
WHEN; 



wherein the "target" commands available to be displayed include at least a majority 
of the following: 



ACCELERATION ALTITUDE 

ALTITUDE 

ANGLE 



12ofl6 



3/15/02 2:02 PM 



'Record Display Form 



http://westbrs:8002/bin/gate.exe?f=doc&. _Message=&p_doccnt=l&p_doc_l=PTFKWIC 



BEST 
CLIMB 

CLIMB ANGLE 
CONSTRAINT 
CRUISE-CLIMB 
END OF DESCENT 
ENGINE OUT 
FEET 

FLIGHT LEVEL 
LEVEL 

MAX CLIMB ANGLE 

PROFILE 

SID 

STAR 

STEP POINT 
STEP SIZE 
TAKEOFF 

THRUST REDUCTION ALTITUDE 
TOP OF CLIMB 
TOP OF DESCENT 
TRANSITION ALTITUDE 
WIND 

3D VOLUME 
4D VOLUME 
ABEAM POINT 
AIRPORT 
AIRWAY 
ALTERNATE 
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BEARING 

BEST 

CIRCLE 
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COMPANY ROUTE 

COURSE 

CRUISE 

DESTINATION 

DIRECTION 

DISCONTINUITY 

DISTANCE 

END OF DESCENT 

ENTRY 

EVEN 

FIX 

GATE 
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OFFSET 
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RUNWAY EXTENSION 

SID 

STAR 

STEP POINT 
TAKEOFF 
THRESHOLD 
TOP OF CLIMB 
TOP OF DESCENT 
TRACK 
WAYPOINT 
WIND; and, 

wherein the "parameter" commands available to be displayed include at least a 
majority of the following: 

CIRCLING 

DEGREES 

DEGREES CELSIUS 
DEGREES FAHRENHEIT 
EAST 
FEET 

FLIGHT LEVEL 
HG 

HOURS 

KNOTS 

LATITUDE 

LEFT 

LOCAL 

LONG 

LONGITUDE 
MACH 
MILES 
MINUTES 

NAUTICAL MILES 
NORTH 
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TITLE: Least time alternate destination planner 



Abstract Paragraph Left (1) : 

An alternate destination planner for searching a navigation database in an aircraft 
and identifying a plurality of alternate destinations at which the aircraft can land 
in the event of an emergency. For each identified alternate destination, the 
alternate destination planner calculates an estimated time of arrival (ETA) and an 
amount of fuel remaining upon arrival at the destination. The calculation of the ETA 
and the remaining fuel is based on user-modifiable parameters of aircraft speed, 
aircraft altitude, wind direction and speed, outside air temperature, and the type 
of routing the aircraft will follow from a diversion point to the alternate 
destination. The plurality of alternate destinations are displayed to a pilot of the 
aircraft according to the ETA to each alternate destination, with the closest 
alternate destination by time listed first. The plurality of alternate destinations 
are also displayed to the pilot on a map of the surrounding region that is provided 
to the pilot on a navigation display . A pilot may select and divert to one of the 
plurality of alternate destinations using a minimal number of keystrokes on a 
control display unit . 

Brief Summary Paragraph Right ( 1 ) : 

The present invention relates to flight management systems for aircraft and, more 
particularly, to flight management systems that provide emergency landing 
information to a pilot. 

Brief Summary Paragraph Right (2) : 

It has become increasingly common for large commercial aircraft to incorporate an 
alternate destination planner in their flight management systems to provide the 
pilot of the aircraft with information about alternate landing destinations. 
Alternate destination planners currently incorporated in aircraft generally contain 
a database of airports from which a list of alternate destinations at which the 
aircraft can land may be selected and displayed . In addition to listing the 
alternate landing locations, alternate destination planners typically provide 
arrival data such as the distance to each alternate destination, the estimated time 
until arrival at each alternate destination, and the estimated amount of fuel 
remaining upon landing at each alternate destination. The alternate landing 
destination information is usually only used in emergency situations that would 
prevent the aircraft from landing at the intended destination such as inclement 
weather of the intended destination or an onboard emergency. 

Brief Summary Paragraph Right (3) : 

During an emergency situation, the pilot of the aircraft is apprised by the 
alternate destination planner of a number of alternate destinations to which the 
aircraft can be diverted. The decision of which destination to select is ultimately 
made by the pilot, who may base his or her decision upon a number of factors, 
including the flight time to the alternate destination, the emergency facilities 
contained at the alternate destination, and the length of the runway at the 
alternate destination. Providing the pilot of the aircraft an onboard list of 
alternate destinations is more efficient than having the pilot contact air traffic 
control to determine the nearest alternate destination. Instead of relying upon an 
air traffic controller to make critical decisions about how to route the aircraft, 
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the alternate destination planner provides the pilot with sufficient onboard 
information to make an autonomous decision during flight before communicating the 
decision to air traffic control. 

Brief Summary Paragraph Right (4 ) : 

While it has been recognized that having an alternate destination planner on an 
aircraft greatly facilitates the handling of emergency situations, the current 
generation of alternate destination planners still require significant pilot effort 
in order to change the course of the aircraft and divert to an alternate 
destination. One alternate destination planner currently in use is disclosed in U.S. 
Pat. No. 5,398,18 6, entitled "Alternate Destination Predictor for Aircraft " and 
commonly assigned to The Boeing Company (herein expressly incorporated by 
reference). The '186 patent discloses, a modification to the flight management 
computer (FMC) that provides a pilot of an aircraft with a list of alternate landing 
destinations at which the aircraft can be landed in the event of an emergency. For 
each alternate landing destination displayed, the FMC system modification displays 
to the pilot the distance between the aircraft ' s present position and the alternate 
destination, an estimated time of arrival (ETA) at the alternate destination, and an 
estimate of the fuel remaining onboard the aircraft if the aircraft were to land at 
the alternate destination. The ETA and remaining fuel are calculated by estimating 
the flight path that the aircraft would have to take from the current position to 
the alternate airport. To minimize the computational time necessary to generate the 
trip information to each alternate destination, a rough estimation technique is used 
to calculate both the ETA and fuel remaining. As a result, the displayed trip 
information has generally less accuracy than would be normally be displayed by the 
flight management computer when estimating and displaying the time to and fuel 
remaining at the intended destination of the aircraft. 

Brief Summary Paragraph Right (5) : 

To select and implement a diversion to an alternate destination using the system 
disclosed in the '186 patent requires a significant amount of effort by the pilot. 
The flight management computer generates a series of screens on a control and 
display unit (CPU ) which allow the pilot to compare the ETA and remaining fuel for a 
number of different alternate destinations. If a pilot were actually to divert to 
one of the alternate destinations, however, the routing information to that 
destination has to be programmed into the flight management computer by the pilot. 
Those skilled in the art will recognize that the programming procedure takes a * 
significant amount of time and effort by the pilot when the pilot's attention may be 
more effectively used elsewhere. For example, in the preferred embodiment of the 
flight management computer disclosed in the '186 patent, the following steps must be 
followed to divert an aircraft to an alternate destination. First, the pilot must 
select a RTE LEGS page, and enter any alternate waypoints into the active flight 
plan currently stored in the computer . Second, the pilot must select a RTE page and 
enter the alternate destination into the active flight plan. Once the waypoints and 
destination have been stored in the flight management computer, any changes to the 
vertical profile of the airplane must be made by the pilot by accessing the CLB 
(climb), CRZ (cruise), or DES (descent) page. Finally, if the emergency is a result 
of a failed engine, the pilot must select a VNAV page and select engine-out 
performance for the aircraft . Once all changes have been made, the modified flight 
plan must then be executed. In the event of a diversion to an alternate destination, 
it will therefore be appreciated that during the critical initial stages of the 
emergency when the pilot is deciding the diversion destination and implementing the 
diversion, the pilot will have to concentrate on accurately inputting the diversion 
information into the flight management computer . This takes a significant amount of 
time, and distracts the pilot during a period when the pilot can be concentrating on 
responding to other aspects of the emergency. It will therefore be appreciated that 
there is a need for an alternate 20 destination planner that quickly allows a pilot 
to select an alternate destination and implement the aircraft ' s diversion to that 
alternate destination. 

Brief Summary Paragraph Right (6) : 

Another limitation in the alternate destination planner disclosed in the '186 patent 
is that the estimate of the ETA and remaining fuel provided by the flight management 
computer has limited accuracy due to the estimation procedure used to calculate the 
arrival data. In particular, in order to calculate the arrival data to each 
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alternate destination in a minimum amount of time, the alternate destination planner 
of the '186 patent assumes a direct flight path to the alternate destination, a 
constant speed equal to the airplane's current speed, and certain environmental 
conditions such as the external temperature. Although normally the requisite amount 
of accuracy is provided to the pilot by an alternate destination planner using these 
assumptions, in extreme cases a more accurate estimate of the trip information may 
prove to be invaluable to a pilot. For example, when an engine fails in an 
extended-range twin-engine operation (ETOPS) environment, the pilot is expected to 
land at the nearest suitable airport. When making the decision on which suitable 
airport to divert to, the pilot's decision is ideally based on the most accurate 
information available. It will be appreciated that there therefore exists a need for 
an alternate destination planner for aircraft that provides a more reliable estimate 
of the ETA and remaining fuel when arriving at the alternate destination. 

Brief Summary Paragraph Right (7) : 

A further limitation of the alternate destination planner disclosed in the '186 
patent is that it provides limited routing options between the current position and 
the selected alternate destination. In particular, the alternate destination planner 
assumes that a direct or missed approach course will be taken from the aircraft's 
current position to the alternate destination. Although a direct course is the most 
common routing that would occur when flying to an alternate destination, there are a 
number of additional routing options that are possible and desirable for a pilot to 
follow. It will therefore be appreciated that an alternate destination planner that 
allowed a pilot to select a number of different routing paths between the aircraft ' s 
current position and the alternate destination would allow the pilot greater 
flexibility in planning and when it became necessary to divert to the alternate 
destination. 

Brief Summary Paragraph Right (8) : 

The present invention is directed to an improved alternate destination planner 
within a flight management computer that reduces the time and effort required by a 
pilot to divert an aircraft to an alternate destination. 

Brief Summary Paragraph Right (9) : 

The present invention is a modification to an aircraft's flight management computer 
(FMC) system to incorporate an improved alternate destination planner in the FMC. 
The alternate destination planner disclosed herein provides a pilot with a list of 
alternate landing destinations based on a navigational database of available landing 
sites stored in the memory of the FMC, or based on a list of alternate destinations 
transmitted to the aircraft from a ground station. For each alternate destination, 
the alternate destination planner advises the pilot of an expected time of arrival 
(ETA) and an amount of fuel remaining upon arrival at the alternate destination. The 
displayed arrival data allows the pilot to make an informed decision about which 
alternate landing destination to choose in the event of an emergency requiring 
diversion from the intended destination. 

Brief Summary Paragraph Right (10) : 

In accordance with one aspect of the invention, the alternate destination planner 
automatically lists the alternate destinations according to the ETA at each of the 
destinations. In ordering the alternate destinations, the planner disclosed herein 
takes into account the user-modifiable parameters of aircraft altitude, aircraft 
speed, wind direction and speed, outside air temperature, and selected routing 
option. When a parameter is modified by the pilot, the estimates of the ETA and 
remaining fuel are automatically recalculated and redisplayed based on the specific 
parameter defined by the pilot. The alternate destination planner disclosed herein 
therefore provides the pilot with a highly accurate estimate of the arrival data 
corresponding to each alternate destination, from which the pilot can select the 
most appropriate flight path diversion during an emergency. 

Brief Summary Paragraph Right (11) : 

In accordance with another aspect of the invention, several different routing 
options are provided from the aircraft ' s current position to the alternate 
destinations. As provided in prior systems, the pilot may opt to fly directly from 
the current position to the alternate destination. The pilot is also provided, 
however, with the option of flying either an offset route or an overhead route from 
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the present position. An offset route is a route that parallels the direct route to 
the alternate destination, but is offset to the left or right of the direct route by 
a desired number of nautical miles. An overhead route allows a pilot to continue 
along the original flight plan to a specified waypoint, and then to fly directly 
from the point overhead the waypoint to the selected alternate destination. The 
three routing options allow a pilot greater flexibility when diverting to the 
alternate destination. 

Brief Summary Paragraph Right (12) : 

In accordance with a further aspect of the invention, the selection and diversion of 

aircraft to an alternate destination is automatically performed using a minimal 
amount of pilot input . In an emergency situation, the pilot merely has to press two 
keys to automatically select an alternate destination and reprogram the flight 
management computer with the flight plan to the selected destination. The pilot may 
also indicate during such a diversion when one of the aircraft ' s engines has failed. 
After receiving notification of the engine failure, the alternate destination 
planner automatically recomputes the ETA and remaining fuel for the alternate 
destination based on the limited performance of the aircraft . 

Brief Summary Paragraph Right (13): 

In yet another aspect of the invention, data may be transmitted from a ground 
station to the alternate destination planner in order to provide accurate conditions 
for estimation of the ETA and remaining fuel for each alternate destination. An 
airline may also transmit data to the aircraft which provide a list of alternate 
destinations as well as a desired routing to those destinations. The capability of 
the alternate destination planner to receive and incorporate updated data into its 
calculations ensures that accurate diversion information can be continuously 
provided to the pilot. 

Brief Summary Paragraph Right (14): 

In a still further aspect of the invention, the FMC generates a visual indication of 
the location of the alternate airports on a navigation display . The visual 
indication of the location of the alternate destinations with respect to the current 
aircraft position and the active flight plan route allows the pilot to quickly judge 
the distance and orientation to a number of different alternate airports. The 
display allows the pilot to more rapidly select the airport to divert to, minimizing 
the amount of time that the diversion takes when an emergency occurs. 

Brief Summary Paragraph Right (15) : 

It will be appreciated that the above features of the alternate destination planner 
allow a pilot to quickly and efficiently divert an aircraft to an alternate 
destination during an emergency situation. The improved visual identification of the 
location of the alternate destinations, as well as the more accurate estimation of 
the ETA and remaining fuel for each alternate destination improves the 
decision-making of the pilot. The capability or preprogramming the alternate 
destination planner with specific diversion parameters also allows the pilot and the 
airline a flexible means to tailor their diversion response to specific emergency 
situations. The alternate destination planner disclosed herein therefore allows a 
pilot to respond to emergency situations in an efficient and expeditious manner. 

Drawing Description Paragraph Right (2) : 

FIG. 1 is a pictorial diagram of the face of a representative control display unit 
(CDU ) that is incorporated in an aircraft and used as an interface to the aircraft ' s 
flight management computer (FMC) system containing an alternate destination planner 
of the present invention; 

Drawing Description Paragraph Right (3) : 

FIGS. 2A and 2B are diagrams of a series of representative displays of the CDU 
wherein the alternate destination planner of the present invention displays 
alternate destination data to allow a pilot to evaluate a set of alternate 
destination choices; 

Drawing Description Paragraph Right (5) : 

FIGS. 4A-4G are flowcharts of exemplary routines for computing an estimated time of 
arrival (ETA) from the aircraft ' s current position to an alternate destination 
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taking into account aircraft and environmental conditions; 
Drawing Description Paragraph Right (6) : 

FIGS. 5A and 5B are diagrams of representative flight profiles of an aircraft ' s 
flight plan from the aircraft ' s present position to an alternate destination; 

Drawing Description Paragraph Right (7 ) : 

FIGS. 6A and 6B are diagrams of a series of representative displays of the CPU 
wherein a pilot has depressed a "divert now" key implementing a diversion of the 
aircraft to an alternate destination; 

Drawing Description Paragraph Right (8) : 

FIGS. 7A, 7B and 7C are diagrams of a series of representative displays of the CDU 
wherein alternate destination data is uploaded to the alternate destination planner 
from a ground station; and 

Drawing Description Paragraph Right (9) : 

FIG. 8 is a pictorial diagram of a representative screen of a navigation display 
that is coupled to the alternate destination planner, the screen showing an active 
flight plan for an aircraft and providing a visual indication of nearby alternate 
destinations . 

Detailed Description Paragraph Right (1) : 

FIG, 1 is a pictorial diagram of the face of a control and display unit (CDU ) 30 
that is typically used in commercial aircraft as an interface to a flight management 
computer system. One of the functions of an aircraft's flight management computer 
system is to perform navigation functions. The flight management computer typically 
stores a predetermined flight plan in memory, and tracks the current location of the 
aircraft along the flight plan from the originating airport to the destination 
airport. To accurately monitor the aircraft's location, the flight management 
computer receives data from a variety of aircraft subsystems and sensors that are 
well known in the aircraft art. Flight management computers and CPUs are well known 
in the aircraft art, so the following disclosure will not discuss the specific 
implementation of the flight management computer and CPU except as required to 
disclose the present invention. Further details of the cooperation of the flight 
management computer and the CPU may be found in U.S. Pat. No. 5,398,186, entitled 
"Alternate Destination Predictor for Aircraft " (expressly incorporated herein by 
reference) . 

Detailed Description Paragraph Right (2) : 

The CDU acts as an interface to the flight management computer, and includes a 
display 32 and a keyboard 34 to allow the aircraft pilot to selectively view and 
manipulate navigation and other data. As shown in FIG. 1, the display 32 of the CDU 
30 includes a central display area 36 in which data is displayed to the pilot. Above 
the central display area 36 is an area 36a in which a data status block is 
displayed, an area 36b in which a title of the screen is displayed, and an area 36c 
on which a page number of the screen is displayed . In order to identify and 
manipulate data on the screen, two sets of keys are disposed on either side of the 
central area of the display . A first set of keys, identified as IL through 6L, is 
disposed on the left side of the display area 36, and a second set of keys, 
identified as IR through 6R, is disposed on the right side. Each key corresponds to 
a display line which makes up the central display area 36 of the CDU . Pressing one 
of the keys on the left side or the right side of the display area typically 
implements a function that is displayed in the central area 36 immediately adjacent 
to the key that is depressed. A pilot may also enter data into the CDU using a set 
of alphanumeric keys 34. Data entered by the pilot is first displayed in a scratch 
pad area 38 located beneath the central display area 36. After entry into the 
scratch pad area, the pilot may move the data to a particular line of the central 
display area 36 by depressing one of the left keys, IL through 6L, or right keys, IR 
through 6R The data contained in the scratch pad area is then typically moved to a 
position adjacent to the key that was depressed. 

Detailed Description Paragraph Right (3) : 

A plurality of function keys are also provided to directly implement predefined 
functions. A pair of keys 40 denoted next page and previous page allow the pilot to 
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view the next screen of data or to review a previous screen of data displayed on the 
CPU 30. Two function keys are provided to access details of active or alternate 
route information. An RTE key 42 allows a pilot to view details about the active 
flight plan, and an LEGS key 4 4 allows the user to select and view data about a 
particular leg in the predefined or alternate flight plan. As will be described in 
further detail below, two function keys are of particular interest to the present 
invention. An ALTN key 4 6 is used to access an alternate destination summary page. A 
pilot pressing the ALTN key directly jumps to a family of ALTN data pages, the first 
page containing a list of alternate destinations surrounding the current position of 
the aircraft . An EXEC key 48 is also provided to confirm execution of certain user 
selected functions. In particular, when performing a diversion to an alternate 
destination, the EXEC key is used by the pilot to implement a change in course from 
the active flight plan. 

Detailed Description Paragraph Right (4 ) : 

The flight management computer is connected to the CPU to aid a pilot in navigating 
to an intended destination airport. If the aircraft is unable to land at the 
intended destination, for example because of inclement weather, engine failure, or a 
medical emergency onboard the aircraft, a pilot must select and divert to an 
alternate destination. The alternate destination may be a commercial airport, a 
military airport, or any other facility having sufficient area for the aircraft to 
land. To facilitate the pilot's selection and diversion to the alternate airport, 
according to the present invention the flight management computer is programmed with 
an alternate destination planner. More specifically, as will be better understood 
from the following description, the flight management computer system is modified to 
compute and display for a plurality of alternate destinations the estimated time of 
arrival (ETA) and remaining fuel if the aircraft were to fly from the current 
position to each of the destinations. Using the estimated flight data, the pilot may 
determine the appropriate alternate destination to which the aircraft should be 
diverted. The alternate destination planner disclosed herein facilitates the 
diversion by minimizing the amount of data manipulation required by the pilot, and 
by providing more accurate information on which the pilot may base their decision. 

Detailed Description Paragraph Right (5) : 

When a pilot is initially presented with an emergency situation, or when the pilot 
desires to preevaluate alternate destinations to which the aircraft might divert, 
the pilot presses ALTN key 4 6 on the CPU function key pad. Upon depressing the ALTN 
key, a data screen providing a summary of alternate destinations is automatically 
displayed on central area 36 of display 32. A series of screens representative of 
the data screens that may be accessed by the pilot on the CDU is depicted in FIGS. 
2A and 2B. Upon pressing the ALTN key, a first screen 50 is displayed to the pilot. 
First screen 50 provides a summary of the nearest alternate destinations within 
range of the aircraft based on the current aircraft position and remaining fuel. The 
first four lines of display area 36 provide the closest four alternate destinations, 
automatically listed according to the time that it would take to fly to each 
particular alternate destination. The first entry on the list is therefore always 
the closest in time alternate destination. As shown on representative first screen 
50, the closest in time alternate destinations are identified by their International 
Civil Aviation Organization (ICAO) identifiers, and include airports at KRNO (Reno, 
Nev.), KTLV (Las Vegas, Nev. ) , KSMF (Sacramento, Calif.), KLAX (Los Angeles, 
Calif. ) . 

Detailed Description Paragraph Right (6) : 

In addition to automatically identifying the nearest alternate destinations by time, 
the alternate destination planner also calculates and displays an estimated time of 
arrival ETA) at the alternate airport, and an amount of remaining fuel if the 
aircraft were to fly from the current position to the alternate airport via a 
selected routing option. The ETA and remaining fuel calculated by the alternate 
destination planner will hereinafter be referred to collectively as the arrival 
data. As shown on first screen 50, each line on the screen containing an alternate 
destination includes the alphanumeric identifier for the destination, the ETA, and 
the fuel remaining. The method of determining the four closest alternate 
destinations will be discussed in further detail below with respect to FIG. 3, and 
the method of calculating the arrival data will be discussed below with respect to 
FIGS. 4A-4G. 
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Detailed Description Paragraph Right (7) : 

In addition to the automatic inclusion of alternate destinations in the summary list 
of alternate destinations, the pilot may also manually include or inhibit an 
alternate destination in the summary list. To manually include an alternate 
destination, the pilot keys the ICAO identifier in the scratch pad, and depresses 
one of the keys IL through 4L to transfer the manually entered destination into the 
destination list. Once entered, the alternate destination planner will automatically 
calculate and display the arrival data for the manually entered destination. The 
alternate destination planner will also sort the summary list of alternate 
destinations so that the manually entered destination will appear in proper order of 
ETA. Once a destination is manually entered, it will remain in the summary list 
until deletion by the pilot. The other alternate destinations will change, however, 
as other alternate destinations are brought within closer ETA proximity to the 
position of the aircraft . 

Detailed Description Paragraph Right ( 8 ) : 

To manually inhibit the listing of an alternate destination in the summary list of 
alternate destinations, a pilot enters the ICAO identifier of the alternate 
destination and depresses key 5R, labeled ALTN INHIB, to transfer the manually 
entered destination into the inhibit list. As shown in first screen 50, adjacent key 
5R are two fields that make up the inhibit list. Each field can contain an ICAO 
identifier. When an alternate destination is transferred to one of the fields, the 
alternate destination is inhibited from automatically appearing in the summary list 
of alternate destinations. 

Detailed Description Paragraph Right (9) : 

From first screen 50, the pilot may obtain more information about a particular 
alternate destination by depressing a corresponding key IR through 4R. If, for 
example, the pilot were to press the IR key to obtain more information about the 
alternate destination KRNO, a second screen 52 would be displayed on the CPU . The 
second screen 52 provides detailed information about the routing options for 
diverting from the active flight plan to the alternate destination. The second 
screen also provides a list of operating conditions used to calculate the arrival 
data for that particular alternate destination. 

Detailed Description Paragraph Right (10) : 

As shown on second screen 52, a list of three routing options 54 is provided to 
allow the pilot to specify the type of routing that will occur when the aircraft 
diverts from the active flight plan to a selected alternate destination. The first 
routing option, corresponding to key IL, is direct routing. When direct routing is 
selected, the aircraft is directly routed from the location of the aircraft when the 
diversion occurs to the selected alternate destination. The direct routing option is 
the default routing option automatically selected by the alternate destination 
planner, the selection of which is indicated by the characters following the option 
on second screen 52. The second routing option is offset routing, corresponding to 
the 2L key. When offset routing is selected, at the diversion point the aircraft 
will fly a path parallel to the active flight plan, but offset to the left or to the 
right of the active flight plan by a specified number of nautical miles. The amount 
of offset selected by the pilot is indicated by an alphanumeric identifier "L" or 
"R, " indicating "left" or "right," and a number representing the nautical miles of 
the offset. As shown on screen 52, the offset is currently set to LIO, indicating a 
left offset of 10 nautical miles. In a preferred embodiment of the invention, the 
offset may extend up to 99 nautical miles. At a point in the offset continuation of 
the aircraft along the original flight plan, it is presumed that the aircraft will 
leave the offset path and fly a direct path to the alternate destination. The offset 
maneuver is therefore used to temporarily remove an aircraft from a heavy air 
traffic route before the direct diversion to the alternate destination occurs. The 
third routing option is overhead routing, corresponding to the 3L key. When overhead 
routing is selected, the aircraft will continue along the active flight plan to a 
selected waypoint. Upon reaching the selected waypoint, the aircraft then diverts 
from the active flight plan and flies directly to the alternate destination. The 
waypoint at which the aircraft diverts from the active flight plan is indicated by 
the ICAO identifier for the waypoint. As shown on second screen 52, the selected 
waypoint is KSEA, corresponding to the airport at Seattle, Wash. In a preferred 
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embodiment of the invention, the default waypoint at which the aircraft leaves the 
active flight plan is the next waypoint along the active flight plan from the 
aircraft ' s current position. Alternatively, the pilot may specify the waypoint by 
entering in the alphanumeric code for the waypoint. 

Detailed Description Paragraph Right (11) : 

The pilot may select which of the three routing options 54 to use in the event of a 
diversion by pressing the appropriate key, 1L-3L, adjacent the routing option. As 
discussed above, when selecting offset or overhead routing, the pilot may also vary 
the desired offset or waypoint in the routing option. For example, as shown by the 
series of keystrokes in FIG. 2A, if the pilot desired to change the offset from left 
10 nautical miles to right 20 nautical miles, the pilot would use the alphanumeric 
keypad to enter R-2-0- followed by pressing the 2L key twice. These keystrokes will 
initially display R20 in scratch pad area 38 of the CDU. Pressing the 2L key the 
first time moves the scratch pad data to a position adjacent the 2L key, changing 
the offset from LIO to R20. Pressing the 2L key the second time selects offset 
routing as the routing choice. As shown in screen 58 in FIG. 2B, the routing option 
has therefore been changed from direct routing to offset routing. Those skilled in 
the art will recognize that the alternate waypoint may similarly be changed by the 
entry of an appropriate alphanumeric keystroke sequence. 

Detailed Description Paragraph Right (12) : 

In a preferred embodiment of the invention, the selection of a routing option is a 
global selection that applies to all four of the alternate destinations displayed on 
first screen 50. That is, once a pilot has selected a routing option, a diversion to 
any of the four alternate destinations will take place along the selected routing 
option. If overhead routing is globally selected, however, each alternate 
destination may have a different waypoint specified at which the diversion from the 
active flight plan occurs. 

Detailed Description Paragraph Right (13) : 

In addition to providing a list of routing options, second screen 52 also displays a 
list of operating conditions 56 that are used by the alternate destination planner 
to calculate the ETA and fuel remaining at each of the alternate destinations. The 
first operating condition, corresponding to the IR key, is the altitude of the 
aircraft to be used during diversion. The altitude of the aircraft may be entered by 
the pilot in either of two formats that are automatically recognized by the 
alternate destination planner. In an altitude format, the pilot enters the altitude 
of the aircraft in feet. For example, the pilot may enter "12000" to indicate that 
during diversion the aircraft should operate at 12,000 feet. In a second flight 
level format, the pilot may enter a flight level code indicative of the altitude. 
For example, the pilot may enter "FL250" to indicate that the aircraft should 
operate at 25,000 feet. To enter the appropriate altitude, the pilot keys the 
formatted altitude using the alphanumeric key pad of the CDU and then presses the IR 
key to move the altitude level to a position on the screen. After entry of the 
altitude on one screen, the altitude of the aircraft is globally applied to all 
alternate destinations. That is, the calculation of the arrival data for all four 
alternate destinations on first screen 50 is based on the same altitude. 

Detailed Description Paragraph Right (14): 

The second operating condition is the speed of the aircraft at which diversion is to 
occur. The speed of the aircraft may be entered by the pilot in one of several 
formats. In a first format, the pilot may enter a three-digit airspeed indicative of 
the aircraft ' s speed in knots. For example, the pilot may enter "300" to indicate a 
speed of 300 knots. The three-digit airspeed is typically only used to represent a 
low altitude diversion. In a second format, the pilot may enter a three-digit mach 
number, indicative of the aircraft ' s speed as a fraction of the speed of sound. In a 
preferred embodiment of the invention for subsonic aircraft, the mach number is 
always a fraction less than one. As shown in second screen 52, for example, the 
entered speed is mach 0.810. The mach number is typically entered by the pilot for a 
high altitude diversion. In a third format, the pilot may enter an alphanumeric 
speed code indicative of a certain type of performance. For example, in a preferred 
embodiment of the invention, the pilot may enter the code "LRC" to represent a long 
range cruise mode. In long range cruise mode, the alternate destination planner 
calculates the most fuel efficient speed for the aircraft to fly at given the 
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current weight of the aircraft . It will be appreciated that several other 
alphanumeric speed codes may be provided, including codes for engine out operation, 
economy operation, and an airline defined default cruise mode. After entry of the 
speed on one screen, the speed of the aircraft is globally applied to all alternate 
destinations. That is, the calculation of the arrival data for all four alternate 
destinations on first screen 50 is based on the same speed. 

Detailed Description Paragraph Right (15): 

In contrast to the speed and altitude which are globally defined for the alternate 
destinations, the remaining operating conditions are locally defined for each 
alternate destination. The third operating condition corresponds to the wind at the 
particular alternate destination. In a preferred embodiment, the pilot enters the 
value of the wind at the alternate destination by entering a three-digit value 
indicative of the direction of the wind in degrees, followed by a slash, followed by 
an up to three-digit value for the wind velocity measured in knots. For example, the 
pilot may enter a wind value of 093/15 to indicate a wind bearing 93. degree, at a 
velocity of 15 knots. A different wind value may be entered by the pilot for each of 
the alternate destinations displayed on first screen 50. 

Detailed Description Paragraph Right (16): 

The fourth operating condition is the outside air temperature associated with a 
particular altitude at an alternate destination. The format for the outside air 
temperature is the altitude, followed by a slash, followed by a temperature at the 
destination in plus or minus degrees Celsius. The altitude may be entered in either 
the altitude format or the flight level format discussed above with respect to the 
altitude condition. For example, a pilot may enter FL250/-25 to indicate a 
temperature of -25, degree. C. at an altitude of 25,000 feet. As shown on second 
screen 52, when no values have been entered by the pilot for the wind or the outside 
air temperature, hyphens are inserted at the appropriate location to indicate the 
number of characters and appropriate format for each condition. A different outside 
air temperature value may be entered by the pilot for each of the alternate 
destinations displayed on first screen 50. 

Detailed Description Paragraph Right (17): 

To enter or change any of the operating conditions, the pilot uses the alphanumeric 
keypad on the CPU to enter the updated condition using the appropriate format. The 
pilot then presses the appropriate key, 1R-4R, to move the value from the scratch 
pad to a position adjacent the selected key. For example, as shown by the keystrokes 
in FIG. 2B, a pilot may enter a wind bearing 93. degree, at a velocity of 15 knots 
using the keystrokes 0-9-3-/-1-5. By pressing the 3L key, the wind data is then 
transferred from the scratch pad to a position adjacent the 3L key on fourth screen 
60. 

Detailed Description Paragraph Right (18): 

In addition to values entered by the pilot, typical operating conditions may be 
included in an airline modifiable information (AMI) file that is stored in the FMC 
and accessible to the alternate destination planner. The AMI file maintains a number 
of preselected values that the airline company has decided are suitable for 
describing the flight of the aircraft in the absence of a pilot preference. In 
particular, an airline defined aircraft speed and aircraft altitude are typically 
defined in the AMI file. When an individual alternate destination page is therefore 
initially accessed, the values stored in the AMI file will be displayed as the 
operating conditions until modified by the pilot. 

Detailed Description Paragraph Right (19) : 

Below the listing of the operating conditions, the arrival data is also repeated for 
the particular alternate destination represented on the screen. As shown on second 
screen 52, adjacent to key 5R is arrival data showing the estimated time of arrival 
at KRNO and the amount of fuel remaining upon landing. The arrival data displayed on 
the particular alternate destination screen corresponds to the data that is 
displayed on first screen 50. The arrival data is calculated by the alternate 
destination planner, and is not modifiable by the pilot. 

Detailed Description Paragraph Right (20) : 

Having described the data provided by the alternate destination planner to the 
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pilot, the methods of determining the closest alternate destinations by time, the 
estimated time of arrival, and the remaining fuel will now be discussed. FIG. 3 is a 
flowchart of a main program 70 incorporated within the alternate destination planner 
that is used to identify according to flight time the four closest airports to the 
aircraft ' s current position. In addition to identifying the closest airport by time, 
the program calculates the ETA and remaining fuel to each alternate destination and 
displays the alternate destinations, ETAs and remaining fuel on the CPU . Initially, 
the program enters a loop to search a navigation database contained within the 
flight management computer and identify suitable alternate destinations in the 
database. Those skilled in the art will recognize that modern flight management 
computers typically incorporate a database containing a list of all airports and 
other landing destinations around the world. Although the format may vary, the 
database typically contains a four-digit destination identifier, a set of 
coordinates representing the precise latitude and longitude of the destination, and 
a data field indicating the runway length at the particular destination. Additional 
data fields containing further information about the facilities at each of the 
destinations may be included in the navigation database, depending upon the size and 
complexity of the database incorporated in the flight management computer . 

Detailed Description Paragraph Right (21) : 

To search the navigation database, the main program initially loads a destination 
from the database at a block 72 and, at a decision block 74, examines the 
destination to determine if the runway is of sufficient length to land the aircraft 
containing the alternate destination planner. A minimum runway length for the 
particular aircraft is defined by the airline and included in the AMI file stored in 
the FMC. If the runway at the destination is not of sufficient length, the program 
returns to block 72 where a new destination is loaded and examined by the program. 
If the runway is of sufficient length, however, the main program proceeds to a block 
76 where the destination is added to a destination list. At a decision block 78, the 
main program determines if there are any more entries in the navigation database. If 
the database contains additional entries, the main program returns to a block 72 to 
examine the next entry in the database. If the entire database has been searched, 
however, the main program proceeds to a block 80. 

Detailed Description Paragraph Right (22) : 

At block 80, the main program examines the suitable destinations selected from the 
navigation database to determine the eight closest destinations to the airplane ' s 
current position. A straight line distance between the airplane ' s current position 
and the latitude and longitude of the destination is calculated, and the resulting 
distances compared to select the eight closest destinations by distance. The 
calculation of the distance between two points identified by latitude and longitude 
coordinates is well known in the navigation art. It will be appreciated that an 
additional step may be incorporated in block 80, wherein a direct comparison is made 
with the latitude and longitude of the current aircraft position to quickly 
eliminate distant destinations without calculating a straight line distance. 

Detailed Description Paragraph Right (24): 

The flight profile shown in FIG. 5A represents the flight profile used by the 
alternate destination planner when the direct or offset routing options have been 
selected by the pilot. In the representative flight profile, the aircraft initially 
enters a cruise segment where it maintains a desired altitude and a desired speed. 
The cruise segment extends until the aircraft hits a top of descent point, after 
which the aircraft begins to descend to the alternate destination. The aircraft is 
presumed to descend along the following predefined descent path: 

Detailed Description Paragraph Right (25) : 

The location of the descent point is therefore determined by calculating back from 
the location of the alternate destination until the cruise altitude of the aircraft 
is reached. Those skilled in the art will recognize that knowing the speed and path 
of the aircraft during the descent, the location of the alternate destination, and 
the initial cruising altitude of the aircraft allows the alternate destination 
planner to determine the point in the cruise segment at which the aircraft should 
begin to descend. 

Detailed Description Paragraph Right (26): 
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FIG. 5B shows a flight profile used by the alternate destination planner when 
overhead routing has been selected by the pilot. In FIG. 5B, the aircraft continues 
along the original flight plan until the desired diversion point is reached overhead 
a waypoint. The first segment of the flight is therefore identified as the original 
route segment. Following the original route segment of the flight, the aircraft 
assumes a flight profile identical to the profile used in direct or offset routing. 
That is, upon reaching the diversion point, the aircraft enters a cruise segment at 
a desired speed and a desired altitude. Upon entering the cruise segment, the 
aircraft will typically ascend or descend to a more efficient altitude from the 
altitude of the original flight segment. Following the cruise segment, the aircraft 
reaches a top of descent point where it begins to descend along a predefined descent 
path to the alternate destination. The length of the descent segment and the top of 
descent point is calculated in a similar manner to the direct and offset methods 
described above. 

Detailed Description Paragraph Right (27) : 

Returning to FIG. 4 A, the ETA subroutine determines whether the overhead routing 
option has been selected by the pilot at a decision block 102. If overhead routing 
has been selected, at a block 104, the program calculates an estimated time enroute 
(ETE) along the original flight segment of the flight profile, corresponding to the 
continuation of the aircraft along the original flight plan. Those skilled in the 
art will recognize that the original flight plan contains sufficient information for 
the ETA subroutine to calculate the amount of time it will take for the aircraft to 
reach the waypoint at which a diversion is to occur. The ETA subroutine then stores 
the ETE for the original route segment. 

Detailed Description Paragraph Right (28) : 

If the pilot selected direct or offset routing, the ETA subroutine continues to a 
block 106 after decision block 102. Block 106 begins a portion of the ETA subroutine 
where the subroutine calculates the ETE for the cruise segment. The ETA subroutine 
initially calls three nested subroutines to calculate the speed of the aircraft to 
be used during the cruise segment, the altitude of the aircraft to be used during 
the cruise segment, and the average wind to be encountered over the cruise segment. 
At block 106 the ETA subroutine calls a subroutine to determine the speed of the 
aircraft to be used during the cruise segment, represented by a variable Spd{a). A 
speed subroutine 150 for determining the speed of the aircraft is shown in FIG. 4B. 

Detailed Description Paragraph Right (29) : 

When the speed subroutine is called, at a decision block 152 the routine determines 
whether there has been a manual speed entry by the pilot. If the pilot has manually 
entered a speed, the subroutine proceeds to a decision block 154. At decision block 
154, the speed subroutine determines if the manual entry is in airspeed or mach 
format. As discussed above, the current speed may be entered by a pilot in knots or 
as a fraction of the speed of sound. If the manual entry is in airspeed or mach 
format, the subroutine proceeds to a block 156 where the variable Spd(a) is set 
equal to the manually entered value. 

Detailed Description Paragraph Right (30) : 

If at decision block 154 the speed subroutine determines that the manual entry is 
not in the airspeed or mach format, the program proceeds to a series of blocks 158 
through 172 which determine the speed based on a number of preprogrammed 
alphanumeric codes representing a desired air speed. For example, at a decision 
block 158 the subroutine determines if the manual entry is equal to the characters 
"EO." If the manual entry is EO, the subroutine proceeds to a block 160 where it 
sets the variable Spd(a) equal to a computed engine out speed. Those skilled in the 
art will recognize that the computed engine out speed is less than the normal flight 
speed of the aircraft, and is determined by evaluating a number of different factors 
that are beyond the scope of the present disclosure. Similarly, blocks 162 and 164 
represent a branch setting the variable Spd(a) equal to a computed long-range 
cruising speed if a pilot has manually entered the code "LRC." The long-range 
cruising speed is the minimum fuel-burn speed for the aircraft over a long-range 
flight, and is computed using an algorithm that is beyond the scope of this 
disclosure. Blocks 166 and 168 determine whether the pilot has entered the code for 
an engine out long-range cruising speed, and blocks 170 and 172 determine whether 
the pilot has entered the code for a company defined speed stored in the memory of 
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the flight management computer . It will be appreciated that the number and 
alphanumeric codes represented in blocks 158 and 172 may be expanded or reduced to 
include additional or fewer codes indicative of a desired speed. 

Detailed Description Paragraph Right (31) : 

Returning to decision block 152, if the pilot has not entered a manual speed entry, 
the speed subroutine proceeds to a decision block 174 where the altitude of the 
aircraft is determined. It will be appreciated that in the United States, the FAA 
has mandated that under a certain altitude commercial aircraft must operate below a 
maximum speed. If the altitude of the aircraft indicates it is below the mandated 
speed transition level, at a block 176 the variable Spd(a) is set equal to the 
maximum speed below the transition altitude minus 10 knots. It will be appreciated 
that in other countries having different maximum speeds below a certain altitude, 
the variable Spd(a) will be set accordingly. It the aircraft is currently operating 
above the speed transition altitude, the speed subroutine proceeds to a decision 
block 178 where the subroutine determines whether there is a speed value stored in 
the AMI file. If there is a stored speed value in the AMI file, the subroutine 
proceeds to a block 180 where the variable Spd(a) is set equal to the stored AMI 
value . 

Detailed Description Paragraph Right (32) : 

If there is no speed value stored in the AMI file, the subroutine proceeds to a 
block 182 where the variable Spd(a) is set equal to a computed economy speed. The 
economy speed is determined based on a variety of environmental and aircraft 
conditions to be equal to the speed providing optimal fuel economy at a reasonable 
aircraft speed. The speed subroutine 150 therefore returns a value to the ETA 
subroutine for the variable Spd(a) . It will be appreciated that the speed subroutine 
can be modified to include the measurement of the actual speed of the aircraft when 
the diversion is to occur. In a preferred embodiment of the invention, however, the 
speed must be either stored in the flight management computer, or entered by the 
pilot . 

Detailed Description Paragraph Right (33) : 

With reference to FIG. 4A, after estimating the speed during the cruise segment, the 
ETA subroutine proceeds to a block 108 where the altitude of the aircraft during the 
cruise segment is estimated. FIGS. 4C through 4E are flowcharts of an altitude 
subroutine 200 that estimates an altitude value Alt (a) at which the aircraft should 
operate during the cruise segment of the diversion. It will be appreciated that in 
the alternate destination planner described herein it is presumed that the aircraft 
will fly at a constant altitude from the point at which a diversion is made until 
the point at which the aircraft begins to descend to the alternate airport. 

Detailed Description Paragraph Right (34) : 

At a decision block 202 the altitude subroutine initially determines whether the 
aircraft is currently climbing. If the aircraft is climbing, the altitude subroutine 
proceeds to a decision block 204 where it is determined whether a manual altitude 
has been entered by the pilot. If the pilot has entered a manual altitude, at a 
block 206 the altitude subroutine sets the variable Alt (a) equal to the manual 
altitude entered by the pilot. As discussed above, the altitude entered by the pilot 
will be displayed using an altitude format or a flight level format. At block 206, 
the altitude subroutine therefore sets the variable Alt (a) equal to the desired 
altitude whether expressed in altitude format or flight level format. 

Detailed Description Paragraph Right (35) : 

If the airplane is in climb and the pilot has not entered a manual altitude, the 
subroutine proceeds to a decision block 208, where it is determined if the airplane 
is operating above an optimum altitude. It will be appreciated that the optimum 
altitude for an aircraft to operate varies with a number of conditions, but is based 
primarily on the gross weight of the aircraft including fuel. Generally, it is more 
efficient for a lighter aircraft to operate at a higher altitude than a heavier 
aircraft . If the airplane is above the optimum altitude, the subroutine proceeds to 
a block 210 where it sets the variable Alt (a) equal to the cruise altitude. The 
cruise altitude is the altitude cleared by air traffic control for operation of the 
aircraft, and is typically set by the pilot upon takeoff. 
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Detailed Description Paragraph Right (36) : 

airplane is currently operating below the optimum altitude, the altitude 
subroutine proceeds to a decision block 212 where the subroutine compares the cruise 
altitude with the optimum altitude. If the cruise altitude is less than the optimum 
altitude, at a block 214 the variable Alt (a) is set equal to the cruise altitude. If 
the cruise altitude is greater than the optimum altitude, however, at a block 216 
the variable Alt (a) is set equal to the optimum altitude. 

Detailed Description Paragraph Right (37) : 

Returning to decision block 202, if the aircraft is not currently climbing, the 
altitude subroutine 200 proceeds to a decision block 218 where it determines whether 
the airplane is in a level flight. If the aircraft is not in level flight, the 
altitude subroutine proceeds to a decision block 220 shown in FIG. 4D, Upon reaching 
decision block 220, it is presumed that the aircraft is in descent. At decision 
block 220, the altitude subroutine initially determines whether the aircraft will be 
routed via direct or offset routing. If the routing is not direct or offset (i.e., 
the routing is overhead), the altitude subroutine proceeds to a block 222 where the 
variable Alt (a) is set equal to the optimum altitude. In the event of a diversion, 
the aircraft will therefore descend or climb to the optimum altitude from the 
altitude at which the aircraft arrives at the waypoint for diversion. 

Detailed Description Paragraph Right (38) : 

If the routing will be via direct or offset routing, the altitude subroutine 
proceeds to a decision block 224. At decision block 224 the subroutine compares the 
current altitude with the optimum altitude to determine if the current altitude is 
greater than the optimum altitude. If the current altitude exceeds the optimum 
altitude, at a block 226 the variable Alt (a) is set equal to the current altitude. 
If the current altitude is, however, less than the optimum altitude, at a block 228 
the subroutine sets the variable Alt (a) equal to the optimum altitude. During a 
diversion, the aircraft will therefore continue to operate at its current altitude 
unless the current altitude is less than the optimum altitude, in which case the 
aircraft is to climb to operate at the optimum altitude. 

Detailed Description Paragraph Right (39) : 

Returning to FIG. 4C, if the airplane is in level flight the altitude subroutine 
proceeds to a decision block 230 where it determines whether engine out performance 
has been selected by the pilot. If engine out performance has not been selected, the 
subroutine branches to a decision block 232 as shown in FIG. 4E. The branch starting 
with decision block 232 is therefore representative of the typical operating 
condition of an aircraft . That is, the airplane is in level flight and both engines 
are currently operating. At decision block 232, the altitude subroutine examines the 
routing option that the aircraft will take in the event of a diversion. If the 
routing is direct or offset, the altitude subroutine proceeds to a block 234 where 
the variable Alt (a) is set equal to the cruise altitude. If the routing is overhead, 
however, the subroutine proceeds to a decision block 236. 

Detailed Description Paragraph Right (40): 

At decision block 236, the subroutine determines if the overhead waypoint where 
diversion from the active flight plan occurs is within the cruise segment of the 
flight profile. It will be appreciated that the overhead waypoint may come before or 
after the top of descent point on the flight profile, depending on the proximity of 
the waypoint to the alternate destination. If the overhead waypoint is after the top 
of descent point and not in the cruise segment, at a block 238 the variable Alt (a) 
is set equal to the cruise altitude. If the overhead waypoint is prior to the top of 
descent point and in the cruise segment, the altitude subroutine proceeds to a 
decision block 240. At block 240, the altitude subroutine forecasts whether there 
will be a step climb, or increase in altitude, during the original route segment. 
Those skilled in the art will recognize that at periodic intervals as an aircraft 
travels along a flight plan, the aircraft may increase its altitude to operate at a 
more efficient altitude. Operating at a higher altitude increases the efficiency as 
the weight of the aircraft decreases due to fuel consumption. If there is no step 
climb forecast during the original route segment, at a block 242 the altitude 
subroutine sets the variable Alt (a) equal to the cruise altitude. If there is a step 
climb forecast during the original route segment, however, at a block 24 4 the 
subroutine sets the variable Alt (a) equal to the altitude that the aircraft is 
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expected to step to. The method of forecasting and calculating the magnitude of the 
step climb is well known in the art, and is not discussed in further detail herein. 

Detailed Description Paragraph Right (41) : 

With reference to FIG. 4C, if engine out performance is indicated at decision block 
230 the altitude subroutine continues to a decision block 246. At decision block 
24 6, the altitude subroutine compares the cruise altitude with an engine out maximum 
altitude. The engine out maximum altitude is the maximum altitude that the aircraft 
can operate at with one engine turned off. If the aircraft has been confirmed for a 
cruise altitude that is less than the engine out maximum altitude, at a block 250 
the variable Alt (a) is set equal to the cruise altitude. If, however, the cruise 
altitude is greater than the engine out maximum altitude, at a block 248 the 
subroutine sets the variable Alt (a) equal to the engine out maximum altitude. An 
aircraft operating with engine out performance will therefore maintain its cruise 
altitude unless the cruise altitude is in excess of the engine out maximum altitude. 
If the cruise altitude is above the engine out maximum altitude, the aircraft will 
descend to that maximum altitude. 

Detailed Description Paragraph Right (42): 

Returning to FIG. 4A, after determining the altitude to be used during the 
calculation of the ETE during the cruise segment, the ETA subroutine then proceeds 
to a block 110 where the wind during the cruise segment is estimated. FIG. 4F is a 
flow chart of a wind subroutine 250 that calculates an average wind to be 
encountered by the aircraft during the cruise segment of the diversion. 

Detailed Description Paragraph Right (43) : 

With reference to FIG. 4F, at a decision block 252 the wind subroutine initially 
determines whether the pilot has manually entered a value of the wind at the 
alternate destination. As discussed above, one of the operating conditions that the 
pilot may specify for each alternate destination is the wind direction and velocity. 
If the pilot has entered a value for the wind, at a block 254 the value of the wind 
at the alternate airport is set equal to the entered value. If the pilot has not 
entered a value for the wind, at a block 256 the wind value at the alternate 
destination is set equal to zero. At a block 258, the wind subroutine then uses the 
wind value at the alternate destination and a known wind at the diversion point to 
determine the average wind over the diversion route. If overhead routing is used, 
the wind at the diversion point is the wind at the waypoint where diversion to the 
alternate destination occurs. For direct or offset routing, the wind at the 
diversion point is presumed to be the current wind. For estimation purposes, the 
wind is also assumed to linearly change in direction and velocity from the wind 
measured at the diversion point to the wind measured at the alternate destination. 
The average wind is therefore the value of the wind at a point halfway along a 
linear interpolation between the wind at the diversion point and the wind at the 
alternate destination. After the wind subroutine calculates the average wind, the 
wind value is stored in a variable Wind (a). 

Detailed Description Paragraph Right (44) : 

With reference to FIG. 4A, after estimating the speed, altitude, and wind during the 
cruise segment of the diversion, the ETA subroutine proceeds to a block 112 where 
the length in nautical miles of each segment in the diversion plan to the alternate 
destination are calculated and stored. The length of the original route segment is 
determined from the original flight plan data. As was discussed above with respect 
to FIG. 5, the length of the cruise segment is dependent upon the location of the 
top of descent point. At block 112, the ETA subroutine therefore initially 
calculates the distance between the diversion point and the alternate destination. 
In a preferred embodiment, the subroutine then interpolates from an altitude of 1000 
feet above the airport back to the estimated altitude of the aircraft during the 
cruise segment using the predefined descent path. The altitude where the descent 
path intersects the cruise segment is determined, thereby fixing both the length of 
the cruise segment and the length of the descent segment. The length of the cruise 
segment, descent segment, and, if applicable, original route segment are then stored 
by the ETA subroutine. 

Detailed Description Paragraph Right (46) : 

At a decision block 282, the ETE subroutine initially determines whether the pilot 
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has made a manual temperature entry in the alternate destination planner. As was 
discussed above, the pilot may enter the temperature at a certain altitude for each 
of the alternate destinations. If the pilot has entered a temperature, the ETE 
subroutine proceeds to a block 284 where the true air speed of the aircraft is 
computed based on the altitude Alt (a), speed Spd(a), and manually entered outside 
air temperature. The relationship of these factors to the true air speed of the 
aircraft is well known in the art, and is not discussed in additional detail herein. 
If the pilot did not enter a temperature for the alternate destination, at a block 
286 the ETE subroutine computes the true air speed based on the altitude Alt (a), 
speed Spd(a), and a standard atmospheric model. After computing the true airspeed of 
aircraft, the airspeed is stored at a block 288. 

Detailed Description Paragraph Right (47) : 

At a block 290, the ETE subroutine computes the actual ground speed of the aircraft 
based on the stored value of the true airspeed of the aircraft and the average wind 
Wind(a). At a block 292, the ETE subroutine then computes and stores the ETE of the 
aircraft along the cruise segment based on the length of the segment and the ground 
speed. 

Detailed Description Paragraph Right (48) : 

With reference to FIG. 4A, after calculating the ETE of the cruise segment at a 
block 114, the ETA subroutine calculates the ETE for the descent segment at a block 
116. As discussed above, the estimation technique disclosed herein uses an 
predefined descent path having a linear slope and predefined speeds. Those skilled 
in the art will recognize that it is a straightforward matter to calculate the ETE 
of the descent path knowing the initial altitude of the aircraft, the speed of the 
aircraft, and the length of the descent segment. In a preferred embodiment of the 
alternate destination planner, the wind is assumed to be zero and the temperature 
nominal during the descent segment. After calculating the ETE for the descent 
segment, the ETE value is stored by the ETA subroutine. 

Detailed Description Paragraph Right (49) : 

At a block 118, the ETA subroutine adds the ETEs for each of the segments of the 
diversion flight plan to arrive at a total time enroute. If overhead routing is 
selected, the ETEs for the original route segment, cruise segment, and descent 
segment are added. If direct or offset routing is selected, the ETEs for the cruise 
segment and descent segment are added. At a block 120, the total time enroute is 
added to the current time maintained in the flight management computer to determine 
an ETA at the alternate destination. The ETA for the alternate destination is stored 
and the ETA subroutine returns to the main program. 

Detailed Description Paragraph Right (50) : 

Returning to the flow chart of the main program in FIG, 3 at block 82 ETA subroutine 
100 is called eight times to calculate an ETA for each of the eight closest 
destinations. At a block 84, the main program calculates the remaining fuel at each 
of the eight closest alternate destinations. It will be appreciated that there are 
several techniques known in the art for calculating an aircraft ' s fuel consumption 
given the aircraft ' s operating altitude and speed, as well as the outside air 
temperature and wind. Since the length of each segment of the diversion path is 
known, the amount of fuel remaining at the end of each segment may be readily 
determined. At a block 86, the main program compares the ETA to the eight closest 
destinations and selects four destinations that have the lowest ETA. The alternate 
destination planner therefore identifies those alternate destinations that are the 
closest based on time, rather than distance. 

Detailed Description Paragraph Right (51) : 

At a block 88, the main program displays the list of the four closest destinations 
with the ETA and remaining fuel on the CDU. As shown in representative first screen 
50 in FIG, 2A, the alternate destinations are ordered according to the ETA, with the 
closest alternate destination listed first. In a preferred embodiment of the 
alternate destination planner, absent any information input by the pilot or flight 
plan changes the list of alternate destinations and arrival data are updated every 
five minutes. The period between updates may be extended or reduced, however, 
depending upon the performance of the aircraft and the importance of maintaining 
timely information on the display . If the pilot changes the operating conditions or 
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routing options, the displayed data is immediately recalculated. It will be 
appreciated that the method disclosed herein for estimating the arrival data for 
each alternate destination provides greater accuracy because it takes into account 
the aircraft altitude, the aircraft speed, the outside air temperature, the wind, 
and the selected routing to the alternate destination. Moreover, each of the factors 
may be modified by the pilot to more accurately reflect the current conditions. The 
pilot may therefore rely on the arrival data with a higher degree of confidence than 
prior alternate destination planners. 

Detailed Description Paragraph Right (52) : 

Once the CPU displays a list of alternate destinations, ETA, and remaining fuel, the 
pilot may select the alternate destination to which the aircraft is to divert. As 
shown in FIG. 2A, to increase the response time of the pilot the closest alternate 
destination by time is automatically preselected for diversion. The preselection is 
indicated on first screen 50 by a following the four character identifier of the 
first alternate destination Alternatively, if the pilot elects to divert to one of 
the other alternate destinations listed, the pilot may select the alternate 
destination by pressing the appropriate key, IL to 4L, next to the alternate 
destination. With reference to FIGS. 6A and 6B, a series of representative data 
screens that may be accessed by the pilot on the CDU are provided. The manual 
selection of the third alternate selection on representative screen 300 FIG. 6A was 
performed by pressing key 3L, A manual selection of a different alternate 
destination is indicated by a "" following the identifier of the destination. 

Detailed Description Paragraph Right (53) : 

At any point in the process of selecting an alternate destination, editing the 
routing options, or editing the operating conditions, the pilot may immediately 
divert to the automatically- or manually-selected alternate destination by pressing 
key 6R. As shown on screen 300, key 6R is labeled with the text "DIVERT NOW" under 
the identifier of the airport that is currently selected for diversion. Pushing the 
divert now key 6R causes the text next to key 6R to change to "SELECTED" as shown in 
a representative screen 302. Additionally, the word "MOD" appears in the screen 
title to indicate that a flight plan modification has been selected. Pressing the 
divert now key causes a route modification to be loaded into the flight management 
computer . To implement the change in flight plan to the alternate destination, the 
pilot must press the EXEC function key 48. Pressing the EXEC key loads the alternate 
destination into the flight management computer, and starts the aircraft on the 
desired diversion if lateral navigation (LNAV) and autopilot are engaged. It will be 
appreciated that the minimal amount of time and keyed entry required by the pilot to 
implement a diversion improves the response time of the pilot in an emergency 
requiring a diversion. 

Detailed Description Paragraph Right (54): 

If a pilot would like to cancel the diversion prior to pressing the EXEC key, the 
pilot may do so by selecting the alternate destination page showing the routing and 
operating conditions. As shown by a representative screen 304 in FIG. 6B, after 
pressing the divert now key, an "ERASE" option is added on the individual alternate 
destination page next to key 6L. Pressing the erase key clears the flight plan 
modification and associated information and returns the page to the previous 
unmodified state. The pilot may also modify the diversion to incorporate engine out 
performance. Provided to the pilot on screen 304 is an "ENG OUT" option adjacent key 
5L. Pressing the engine out key causes the alternate destination planner to 
recalculate the arrival data for all of the alternate destinations based on the 
reduced performance available when the aircraft is only operating on a single 
engine. In particular, a new cruise altitude is determined if the current cruise 
altitude is above the engine out ceiling, and a new engine out speed is loaded for 
the reduced maximum speed of the aircraft. It will be appreciated that the preferred 
embodiment of the invention was adapted for use in the two-engine Boeing 777. An 
alternate destination planner incorporated in other aircraft having more than two 
engines would require a modification to the manner in which the engine out 
performance was selected. 

Detailed Description Paragraph Right (55) : 

A representative screen 306 is provided in FIG. 6B to further show the effect of 
implementing a diversion by pressing the EXEC key. Screen 306 was accessed on the 
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